A servo fuel heater of aircraft engine was found cracks when it was conducted quality inspection [1] . Through the macroscopic & microscopic observation, metallographic examination, chemical composition analysis, hardness test analysis, the characteristics of cracks, crack source generation and expansion process are studied [2] . It shows that the servo fuel heater crack was generated during the drawing process after extrusion, and occurred in the longitudinal direction due to the unreasonable drawing process [3] . No relationships with material were found in crack forming.
Introduction
During the flight or launch of the aircraft, the servo fuel heater is exposed to the corrosion of fuel and oil. When the fuel and oil are burned, the servo fuel heater will withstand high temperature and high pressure. The SRQ-79 servo fuel heater was inspected cracks when it is conducted to quality check, as shown in Fig.1 .
Servo fuel heater is made of 3A21 which it is tested according to GB/T6893-2000 standard, forging production, The process is: receive pipe → blanking → punching point → correction → bending forming → calibration → airtight inspection → cleaning → check size → storage. Pressure cycle test and static pressure test are carried in the factory. The cycles is 1000 times which the pressure is form 0 MPa to 10 MPa and the 0 MPa. The pressure of the static test is 12 MPa in 10 minutes. 
Test and Result

Macroscopic Observation of Crack
The macro-morphology of the crack of is shown in Fig.2 and Fig.3 . There are two cracks which generates in the longitudinal direction, and there is no plastic deformation around the crack [4] . The pipe is cracked axially, and crack length is about 20 mm. The fracture is flat with no plastic deformation, and there are some axial cracks in the pipe other areas.
Crack
Microscopic Observation of Crack
Through SEM observation, it shows that the fracture morphology is brittle crack, but the fracture surface is different from other normal tensile fracture which there is no obvious dimples by slippage, as shown in Fig. 3, Fig. 4 and Fig.5 . As shown in Fig.4 and Fig.5 , there is a quasi-cleavage metal feature, it likes not completely rewelded crack. The fracture characteristics is mixing dimples and crystals, see in Fig. 6 . From this fracture feature there is no corresponding material state and force state, which should be formed during the drawing process.
Metallographic Examination
The vertical and longitudinal sections of the servo fuel heater are taken separately, and the metallographic examination is performed after grinding and polishing. As shown in Fig.7 and Fig.8 , the base structure of the servo fuel heater has no abnormality, no burning phenomenon has been observed, and strip-shaped defects distributed along the axial direction are partially visible in the longitudinal and vertical section. 
Hardness Test
The microscopic vickers hardness test was performed on the split-hole servo fuel heater [5] . Results are shown in Table 1 . The average microhardness of the hole servo oil heater base is about HV 35.67.
Since 3A21 (H14) is an aluminum alloy that cannot be heat-treated [3] , its hardness is relatively low, and the corresponding relationship between hardness and strength is not found. 
Chemical Composition Analysis
The chemical test was taken from the crack of the servo fuel heater and the chemical composition analysis was carried out [6] . The results are shown in Table 2 . Meet the requirements of Table 2 of GB/T 3190-2008. 
Analysis and Discussion
Through macroscopic observation, cracks are generated along the direction of the tube fiber, and have macroscopic plastic deformation characteristics. There is no obvious slip deformation on the fracture surface, and quasi-cleavage characteristics are shown in the fracture under microscopic observation. At the same time, observations of other internal defects were observed, and it was found that there was a fracture that was not welded. After analysis and judgment, the defect is generated during the drawing process after extrusion, and the material is cracked in the axial direction due to the unreasonable drawing process. Part of the fracture is produced at high temperature, and there are traces along the crystal. During the subsequent drawing process, certain welding is performed, but the folding defect is caused by poor welding. Since the defects generated by the raw materials have a certain amount of welding after welding, there is a certain difficulty in using eddy current testing. In the defect along the rolling direction, the bearing capacity of the pipe is reduced due to the presence of the defect, so that the part made of the batch of aluminum pipe is plastically deformed at the defect under the action of stress, resulting in the formation of cracks. According to the metallographic observation, hardness test and chemical composition analysis of the component materials, the hardness and chemical composition are normal, the material structure has no obvious abnormality, the hardness is normal, the wall thickness meets the technical requirements, and the crack edge has no decarburization phenomenon. It can be seen that the servo fuel warmer does not produce defects that do not meet the requirements during the processing, and the cause of the fracture should be independent of the base material and the quenching process.
The fracture morphology of the heater has the characteristics of dimple and intergranular mixing. From the macroscopic observation and microscopic observation of the crack source area, the crack fracture is flat, there is no macroscopic plastic deformation, and there are some longitudinal defects in the tube, and the morphology is open defect. The fracture morphology is a weld that is re-welded after splitting, but is poor welded, and has a quasi-physical feature. The failure mode should be the defect of the leakage material in the direction of the rolling direction in the material of the crack source, which reduces the bearing capacity of the pipe. Therefore, plastic deformation at the defect under the action of stress eventually leads to the formation of cracks.
Conclusion
The failure mode of the servo fuel warmer is oil leakage, and the crack is caused by the fact that the servo fuel warmer has defects along the fiber direction. This defect is generated during the drawing process after extrusion, and the material is cracked in the axial direction due to the unreasonable drawing process. Part of the fracture is produced at high temperature, there are traces along the crystal, and some welding is carried out in the subsequent drawing process, but due to the folding defect due to poor welding, the defect in the rolling direction, due to the defect The existence of the pipe reduces the bearing capacity of the pipe, so the parts made of the batch of aluminum pipes are plastically deformed at the defects under the action of stress, resulting in the formation of cracks. It is recommended that raw material manufacturers strictly implement the production process of seamless pipes to prevent the occurrence of such defects; strengthen the surface quality inspection of raw materials into the warehouse in the factory; strengthen the inspection of semi-finished products in the manufacturing process to prevent defects in the manufacturing process.
